Hyperpolarization-activated cyclic nucleotide-gated (HCN1-4) channels play an important role in the regulation of neuronal rhythmicity. In the present study we describe the mutation analysis of HCN1 and HCN2 in 84 unrelated patients with idiopathic generalized epilepsy (IGE). Several functional variants were identified including the amino acid substitution R527Q in HCN2 exon 5. HCN2 channels containing the R527Q variant demonstrated a trend towards a decreased slope of the conductance-voltage relation. We also identified a variant in the splice donor site of HCN2 exon 5 that results in the formation of a cryptic splice donor. In HCN1, the amino acid substitution A881T was identified in one sporadic IGE patient but was not observed in 510 controls. Seven variants were examined further in a case-control association study consisting of a larger cohort of IGE patients. Further studies are warranted to more clearly establish the contribution of HCN1 and HCN2 dysfunction to the genetic variance of common IGE syndromes.
Introduction
Idiopathic generalized epilepsies (IGEs) account for 15-20% of all epilepsies and affect approximately 0.2% of the general population (Jallon and Latour, 2005) . IGEs encompass several syndromes that are characterized by age-related, recurrent, unprovoked generalized seizures in the absence of detectable brain lesions or metabolic abnormalities (International League Against Epilepsy, 1989) . The most common IGE subtypes are childhood absence epilepsy (CAE), juvenile absence epilepsy (JAE), juvenile myoclonic epilepsy (JME), and epilepsy with generalized tonic-clonic seizures (EGTCS) (Nordli, 2005) . The etiology of IGE is genetically determined, but the complex inheritance pattern suggests involvement of a large number of susceptibility genes in the majority of IGE patients (Greenberg et al., 1992; Ottman, 2005) . Most of the genes currently identified in the rare, monogenic forms of idiopathic epilepsy encode voltage-gated or ligand-gated ion channels (Turnbull et al., 2005) .
Generalized seizures can result from synchronized hyperexcitability of thalamocortical circuits facilitated by the nucleus reticularis thalami, which serves as the pacemaker in the generation of underlying rhythmic seizure activity (Avanzini et al., 1999; Crunelli and Leresche, 2002; Blumenfeld, 2005) . The hyperpolarizationactivated cyclic nucleotide-gated (HCN) channels in thalamocortical neurons contribute to the generation of this oscillatory activity (Pape, 1996) and are therefore good candidates for involvement in human epilepsy. HCN channels are encoded by a gene family that consists of four members, HCN1, HCN2, HCN3, and HCN4 (Santoro et al., 1997; Ludwig et al., 1998) , which are localized to human chromosomes 5p12, 19p13.3, 1q22, and 15q24-q25, respectively. HCN proteins share a topological arrangement consisting of six putative transmembrane segments (S1-S6), with a pore region (comprised of the S5, pore loop and S6) and a cyclic nucleotide-binding domain (CNBD) in the C-terminal region (Fig. 1A) . Four HCN subunits assemble to form a functional homomeric or heteromeric channel, and different subunit compositions lead to hyperpolarizationactivated cation currents (I h ) with distinct biophysical properties (for review, see Santoro and Baram, 2003; Robinson and Siegelbaum, 2003; Frere et al., 2004; Herrmann et al., 2007) .
HCN subunits differ in their activation kinetics and sensitivity to modulation by cAMP. cAMP favors channel activation, shifting the voltage dependence of activation to more depolarized potentials, speeding channel kinetics, and increasing the maximum current
